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Electron beam lithography (EBL) is a mask-less patterning technique providing nanometric resolution. It is 
widely adopted in research, optical and nanoimprint lithography mask production, and parallel EBL is 
intended for high through-put semiconductor device production [1]. Sub-20 nm patterning with 
significantly reduced dose sensitivities has been demonstrated on negative tone, epoxy-based chemically 
amplified EBL resists such as mr-EBL 6000 (from Micro Resist Technology GmbH) [2].  
 
When distances between patterns are comparable to the pattern size, proximity effects (PE) caused by 
forward and back scattered electrons deteriorate EBL pattern quality. PE on mr-EBL 6000 were observed at 
10 and 20 keV, and compensated through dose modulation algorithms [3]. However, we could not find 
prior work on its exposure to higher energy EBL, which is expected to influence these effects profoundly. 
To investigate PE at higher energy, we patterned carefully arranged structures at 100 keV, and transferred 
them into a silicon substrate by reactive ion etching (RIE). 
 
We realized 90 nm thick films using mr-EBL 6000.1 XP resist solution on silicon substrates, and we 
exposed them with a JEOL JBX-9500 instrument operating at 100 keV. After a 5 min post-exposure bake at 
110 ºC, we developed the samples for 40 s in mr-Dev 600, rinsed with isopropanol, and blow-dried. 
Patterns were transferred into the substrate with a C4F8/SF6 RIE process, and the residual resist removed by 
oxygen plasma. Platinum coating to avoid charging during SEM inspection was performed when necessary. 
 
We successfully patterned 50 to 500 nm wide lines, and we observed pattern deterioration when feature 
separation approached 5 times the line width (Fig. 1). We attribute this to PE. Overexposure due to PE 
became even more evident for wider lines, and it was clearly very sensitive to dose (Fig. 2) which we 
attributed to the chemically amplified nature of the resist. Hence, to improve pattern quality, we carried out 
a series of exposure and resist characterization experiments to construct the contrast curve, and we 
measured 30 µC/cm2 as clearance dose for 100 nm isolated lines (D1). When patterning with doses one 
third lower than D1 we managed to resolve lines at higher density (Fig. 3) without need for PE corrective 
algorithms. Such lines showed tapering in the etched profile due to the underdosed sidewalls profile. We 
then diluted the original resist solution 1:1 with anisole, obtaining homogeneous films as thin as 30 nm, and 
we successfully used them to reproduce patterns as in the first approach (Fig. 4). Although we didn’t assess 
eventual improvements due to the reduced thickness, this is expected to limit forward scattering in the resist 
and it is considered a mandatory requirement to achieve sub-10 nm half-pitch resolution [4].  
 
Our work focused on assessing PE in mr-EBL 6000 with 100 keV EBL. We observed PE-related 
overexposure in overlapping and neighboring features which was not present in isolated lines. As a simple 
optimization, we assessed the effects of under-dosing with appreciable results in the final profile. We then 
showed that uniform thinner resist films can be obtained and patterned as well, as a preliminary step to 
push its resolution limits. We combined these two approaches and obtained a superior pattern definition: 
although still imperfect, we show good resolution over most of the test structures. 
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Figure 1. Cross sectional SEM image of progressively closer spaced lines patterned in resist (a) and 
transferred into silicon through RIE (b). We observe overexposure in denser patterns because of PE; the 
resulting distorted pattern is then reproduced into the underlying substrate.  
Figure 2. SEM top view of resist line patterns 500 nm wide (a) and 200 nm wide (b). Decreasing doses 
from left to right: 22, 19, 16 µC/cm2. PE lead to over exposed lines and areas with interstitial residues 
between lines; a small decrease in dose significantly reduces these effects. 
 
Figure 3. SEM image of underdosed lines 
transferred into silicon through RIE. Spacing down 
to 200 nm gets now properly resolved.. 
Figure 4. SEM top view of 100 nm wide test 
structures patterned in 38 nm thick resist and 
transferred into silicon through RIE. 
